The hydrodistilled volatile oil from the aerial parts of Artemisia kulbadica Boiss. & Buhse was investigated by a combination of GC and GC/MS. Twenty-seven compounds were identified, representing 92.9% of the total oil. Sabinene (25.1%), trans-thujone (18.7%) and γ-cadinene (16.0%) were the main components. The antimicrobial activity was determined against six bacterial strains and one fungal. The oil was active against all the tested strains.
Over 400 species of Artemisia (Compositae) are distributed throughout the world and about 34 of these are documented in the flora of Iran, of which two are endemic: A. melanolepis Boiss. and A. kermanensis Podl. [1, 2] . Some species are used in folk medicine, for example A. annua (Qinghaosu), which is a traditional medicine herb of China. It is presently being cultivated on a commercial scale in China and Vietnam for its antimalarial sesquiterpene lactone, artemisinin [3, 4] , and its essential oil. Artemisinin also showed efficacy against other parasitic protozoan species, such as Trypanosoma and Leishmania. Recently, the in vitro growth inhibitory activity against three parasitic protozoa, T. brucei rhodesiense, T. cruzi and L. donovani, has been reported of a number of organic and aqueous A. annua extracts, including tinctures, infusions and decoctions [5] .
HPLC-DAD-MS analyses of different extracts of the aerial parts of A. annua, cultivated in malariaendemic regions of East Africa have been reported. [6] . The method was specific for the detection of artemisinin and A. annua flavonoids, even if present in trace amounts [7] .
The foliage and inflorescence of A. annua also yield essential oil upon hydrodistillation. This oil has been evaluated at different development stages (preflowering and flowering) by GC/MS. The volatile oil from plants at full blooming showed numerous constituents, with germacrene D (21.2%), camphor (17.6%), β-farnesene (10.2%), β-caryophyllene (9%), and bicyclogermacrene (4.2%) among the main ones. Aromatic waters, after extraction with n-hexane, showed the presence, among others, of camphor (27.7%), 1,8-cineole (14%), artemisia ketone (10.1%), α-terpineol (6.1%), trans-pinocarveol (5.4%), and artemisia alcohol (2%). From plants at the pre-flowering stage, aromatic waters were obtained with camphor (30.7%), 1,8-cineole (12.8%), artemisia alcohol (11.4%), artemisia ketone (9.5%), α-terpineol (5.8%), and trans-pinocarveol (3.0%) as the main constituents. The qualitative and quantitative profiles of the two aromatic waters were similar. These results permitted the conclusion to be made that A. annua could be harvested either a long time before the onset of flowering to obtain higher yields of artemisinin or could be allowed to attain maturity to obtain valuable yields of volatiles [8] .
The essential oil obtained from the aerial parts of A. annua collected in June 2000 on the banks of the Huveaune river (alt. 120 m), near Marseilles (France), consisting of camphor (44.0%), germacrene D (16.0%), trans-pinocarveol (11.0%), β-selinene (9.0%), β-caryophyllene (9.0%) and artemisia ketone (3.0%), was screened for its antimicrobial activity. The essential oil inhibited the growth of the tested Gram-positive bacterium Enterococcus hirae, and both tested fungi. This oil was shown to have an antioxidant activity equivalent to 18% of the reference compound (α-tocopherol). [9] The essential oils obtained by steam distillation from the aerial parts of two populations of A. absinthium, from France and Croatia, were analyzed by GC and GC-MS. The oils of French origin contained (Z)-epoxyocimene and chrysanthenyl acetate as major components, while the Croatian oils contain mainly (Z)-epoxyocimene and β-thujone. Analysis of oils before and after anthesis showed some quantitative differences. Analysis of separated leaves and flowering heads showed only few differences. As they contain no thujone, antimicrobial screening was performed on samples of French origin and it was shown that A. absinthium oil inhibited the growth of both tested yeasts (Candida albicans and Saccharomyces cerevisiae var. chevalieri) [10] .
The extract of the aerial parts of A. diffusa collected in the Province of Khorassan (Iran) afforded, in addition to several eudesmanolides, a new type of sesquiterpene lactone (tehranolide) with an endoperoxide group that probably has the same antimalarial effect as artemisinin [11] . The antimalarial properties of the crude extract of the same species (A. diffusa) have been reported. The study especially examined the inhibitory effects of the extracts on the developmental stages, in vivo, of Plasmodium berghei on mice. In preliminary experiments, the toxicity of the ethanolic extract was tested, and from the high dose that was tolerated without either significant overt mortality or signs of toxicity, it was estimated that the plant ethanolic extract has a relatively low toxicity [12] . Among the twenty identified components, which constituted 91.3% of the oil, camphor (35.0%) and 1,8-cineole (25.7%) were found to be the major constituents [13] . In addition, the antimicrobial activities of the methanol extract have been reported [14] .
A. douglasiana leaf has been shown to be an efficacious complementary herbal treatment for chronic bladder infection in a paraplegic youth. The leaf oil has been analyzed by GC-MS and the major components were found to be camphor (29%), artemisia ketone (26%), artemisia alcohol (13%), α-thujone (10%), 1,8-cineole (8%), and hexanal (5%). The leaf oil and its major components have been tested for antimicrobial activity against Bacillus cereus, Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Candida albicans, and Aspergillus niger. The essential oil showed limited antimicrobial activity in vitro, so it is unclear if the oil exerts a direct antimicrobial effect in vivo, or plays some role in stimulation of host defenses. [15] A. austriaca and A. spicigera are odorous herbs that are used as antiseptics and stomachics in folk medicine [16] . The herb of A. vestita has been widely used in traditional Tibetan and Chinese medicine for a variety of inflammatory diseases, such as rheumatoid arthritis, contact dermatitis and sepsis [17] . A. dracunculus has been used orally as an antiepileptic remedy in which its anticonvulsant potential has been assessed [18] .
The genus Artemisia has been investigated chemically and acetylenic compounds [19] , flavonoids [20, 21] , coumarins [22] and terpenoids, especially sesquiterpene lactones [11, [23] [24] [25] , have been reported. However, numerous reports have appeared in the literature on the essential oils of different species of Artemisia [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] and their antimicrobial effects [9, 38] , but, to the best our knowledge, no study has been reported previously on the oil of A. kulbadica.
The volatile constituents obtained from A. kulbadica are listed in Table 1 , in which the percentage and retention index of each component are given. Twenty-seven compounds, representing 92.9 % of the total constituents of the oil were characterized, of which the major components were sabinene (25.1%), trans-thujone (18.7%) and γ-cadinene (16.0%). Monoterpene hydrocarbons, oxygenated monoterpenes, sesquiterpene hydrocarbons and oxygenated sesquiterpenes amounted to 33.7%, 27.8%, 21.7% and 3.0% of the oil, respectively. Sabinene (40.0%, 8.4%, 7.9% and 6.2%) is also characteristic of the oils of A. ciniformis [27] , A. biennis [28] , A. persica [29] , A. aucheri [30] , A. afra [31] and A. wallichiana [32] . Thujane derivatives are found in the oils of some Artemisia species, for example, α-thujone in the oils of A. fragrans [33] , A. roxburghiana [34] and A. vulgaris [35] and trans-thujone in A. copa [36] , [13] , and A. gypsacea [37] . In similar studies, cis-thujone and trans-thujone were found to be the main components of the oil of A. afra [38] , A. verlotiorum [39] , A. ferganensis [40] , A. moorcroftiana [41] and A. nilagirica [42] . It has been shown previously that cadinane derivatives are characteristic of the oils of A. campestris [43, 44] , whereas in our study γ-cadinene was detected.
Results of the antimicrobial activities of the oil are shown in Table 2 . Antimicrobial activity was determined against six bacterial strains and one fungal. The oil showed a maximum zone of inhibition against Klebsiella pneumoniae, Entobacter aerogenes and Bacillus creus. E. aerogenes and B. subtilis were the most sensitive microorganisms to the essential oil (having MIC values of 625 μg/mL). E. aerogenes and B. subtilis have a minimum bactericidal concentration (MBC value) of 625, and Candida albicans, E. aerogenes and B. subtilis have a minimum bactericidal concentration (MBC) value of 625 μg/mL. [50, 51] , α-pinene and borneol have slight activity [52] , and the antimicrobial effects of borneol have also been reported [53] . As a result of these findings, the antimicrobial activity of A. kulbadica oil could be attributed to α-pinene, 1,8-cineole and terpene alcohols. The mechanism of action of terpenes is not fully understood, but it is thought to involve membrane disruption of the lipophilic compounds [54] . These results may partly justify the traditional use of this Artemisia species. 
Experimental

Isolation of the oil:
The air-dried aerial parts of A. kulbadica (125.0 g) were subjected to hydrodistillation using a Clevenger-type apparatus for 3 h. After decanting and drying over anhydrous sodium sulfate, the corresponding yellowish colored oil was recovered in a yield of 0.72% w/w.
Analysis:
GC analysis was performed on a Shimadzu 15A gas chromatograph equipped with a spilt/spiltless ratio of 1:30, injector (250°C) and a flame ionization detector (250°C). N 2 was used as carrier gas (1 mL/min) and the capillary column used was DB-5 (50 m x 0.2 mm, film thickness 0.32 pin). The column temperature was kept at 60°C for 3 min and then heated to 220°C with a 5°C/min rate and kept constant at 220°C for 5 min. Relative percentage amounts were calculated from peak area using a Shimadzu C-R4A chromatopac, without the use of correction factors. GC/MS: Analysis was performed using a Hewlett-Packard 5973 with a HP-5MS column (30 m x 0.25 mm, film thickness 0.25 µm). The column temperature was kept at 60°C for 3 min and programmed to 220°C at a rate of 5°C/min and kept constant at 220°C for 5 min. The flow rate of helium as carrier gas was (1 mL/min). MS were taken at 70 eV, mass range, 30 to 350 amu, and scan time 2 scans/ sec. The compounds were identified by comparison of RRI, DB5 with those reported in the literature and by comparison of their mass spectra with either the Wiley library or with published mass spectra [45] [46] [47] . The retention indices for all the components were determined according to the Van Den Dool method, using n-alkanes as standards [48] .
Microorganisms and antimicrobial studies:
The antibacterial and antifungal activity of the essential oil was evaluated by the disc diffusion method using Mueller-Hinton and Sabouraud Dextrose agar, respectively [49] . A serial dilution of the oil was prepared in Mueller-Hinton and Sabouraud Dextrose Broth for bacteria and fungi, respectively. The oil was diluted with water and ethanol. The solvents, at an appropriate concentration, were also used as a negative control. The standardized suspensions of either bacteria or fungi were inoculated into each tube. The tubes were incubated at 37°C for 24 h for bacteria and at 30°C for 48-72 h for fungi. The lowest oil concentration where there was no visible growth was the minimum inhibitory concentration (MIC) when compared with the control. To determine the Minimum Bactericidal Concentration (MBC) and Minimum Fungicidal Concentration (MFC), for each set of test tubes in the MIC determination, a loopful of broth was collected from those tubes which did not show any growth and inoculated on Mueller-Hinton agar (for bacteria) and Sabouraud Dextrose Broth agar (for fungi), by streaking. Plates inoculated with bacteria and fungi were then incubated at 37 o C for 24 h and 30 o C for 48-72 h, respectively. After incubation, the concentration at which no visible growth was seen was noted as MBC (for bacteria) and MFC (for fungi). All the experiments were carried out in triplicate and the means calculated.
